Objective: In the present study, phytochemical evaluation and the therapeutic effect of 50 % hydro-ethanolic extract of aerial parts of Pothos scandens (HEEPS) on glycolytic enzymes, TCA cycle enzymes, gluconeogenic enzymes and xenobiotic marker enzymes in the liver and breast tissues of 7, 12 -Dimethylbenz [a] anthracene (DMBA) induced breast cancer bearing rats were carried out. Materials and Methods: Five groups of (each group six rats) female albino Spargue-Dawley rats were taken. Group I (control), Group II (DMBA induced, 20 mg/ kg b.wt p.o), Group III (DMBA + Cyclophoshamide, 10mg/kg b.wt p.o), Group IV (DMBA + 200 mg/kg b.wt p.o of HEEPS) and Group V (DMBA + 400 mg/kg b.wt p.o of HEEPS). The alteration in the level of carbohydrate metabolizing enzymes such as Hexokinase, Phosphogluco isomerase, Glucose-6-phosphatase, Fructose-1,6-bis phosphatase, Succinate dehydrogenase and Malate dehydrogenase together with the level of xenobiotic markers like Cytochrome P450 reductase, Cytochrome C oxidase and Glutathione -S-transferase were analyzed in all the groups. GC-MS analysis of the plant extract was also carried out. Results: Increased level of glycolytic enzymes, decreased level of TCA cycle enzymes, gluconeogenic enzymes and altered level of xenobiotic marker enzymes observed in Group II was brought to near normal in treatment groups in a dose dependent manner suggesting potential anticancer activity of HEEPS. This was supported by the GC-MS analysis of the plant extract which revealed the presence of many compounds with anticancer activity. Conclusion: The study revealed that HEEPS is effective in restoring the activity of mitochondria in DMBA induced breast cancer.
INTRODUCTION
Cancer can be described as a group of more than 100 different diseases which are characterized by uncontrolled cellular growth, local tissue invasion and distant metastasis. 1 Cancer claims over 6 million lives every year and it continues to represent the largest cause of mortality in the world. 2 Breast cancer is the most common form of cancer and the leading cause of cancer mortality among women worldwide. 3, 4 The number of new breast cancer cases in India is about 100,000 per year. 5 It is a major clinical problem that possesses significant social and economic challenges to the health care system. 6 Breast cancer is a collection of breast diseases that have diverse genomic variations histopathologies and clinical outcomes. 7 Mitochondrial dysfunction, rapid growth and cellular proliferation are hallmarks of tumor cells. In order to support continuous cell growth and proliferation in a hypoxic and acidic conditions generated during progressive tumor cell growth, cancer cells alter their metabolism by shifting the burden of energy metabolism from mitochondrial oxidative phosphorylation to glycolysis. 8 Molecular defects in mitochondrial or nuclear genes that code for proteins that are involved in mitochondria biogenesis; respiratory maintenance of membrane potential; chain assembly and function and energy metabolic or signal transducing pathways can be the cause of mitochondrial dysfunction. 9 Despite various therapeutic strategies including chemotherapy to treat cancer, drug resistance and high systemic toxicity limit the successful outcomes in most cases. Moreover cancer treatment is usually accompanied by diverse side effects to different body organs. 10 Hence there is a global trend to go back to natural resources (medicinal plants) which are more therapeutically effective, culturally acceptable and economically affordable. 11 Phytochemicals with anticancer potential which interfere with carcinogenesis makes them interesting tools in cancer research. 12 Pothos scandens (P. scandens), a medicinal aroid, is a climbing shrub with aerial roots growing on trees and rocks like ivy which belongs to the family Araceae. After being fried in oil, the bruised root of the plant is applied to promote healing of abscesses. An infusion of the leaves of this plant is used by the Indian people as a bath for curing convulsions and epilepsy. Apart from that, the stem is also widely used to treat asthma. It has been also reported that the whole plant is used against various health problems and disorders such as diarrhea 13 , small pox 14 , muscle catches, sprains 15 and bone fracture. 16 Recently, the ethanolic extract of P. scandens has been reported to be effective in wound healing 17 and the plant has also been reported to have significant antioxidant and antipyretic activity. 18 The ethanolic extracts of aerial part of P. scandens showed the presence of phytochemicals such as alkaloids, glycosides, flavonoids and phenolic compounds and has been shown to inhibit mast cell derived immediate-type allergic reactions and mast cell degranulation. 19 The methanolic extract of leaves of P. scandens has been reported to have cytotoxic as well as thrombolytic potential. 20 From the literature survey it was found that the phytochemical analysis of leaf extract of P. scandens showed the presence of alkaloid, catachin, coumarin, flavonoid, phenolics, saponins, sugar, glycoside, xanthoprotein 21 and phytosterols. 18 1,2-Benzenedicarboxylic acid, diisooctylester; n-Hexadecanoic acid, 9,12,15-Octadecatrienoic acid, (ZZZ)-; Octadecanoic acid; Phytol and 9, 12 Octadecadienoic acid (ZZ) were detected as major compounds in the GC-MS analysis of the ethanolic extract of P. scandens leaf. 22 As per the ethnobotanical data collected during the field surveys made on several visits between 2004 and 2006 to three Akha communities in Chiang Rai in northern Thailand, it was found that the whole aerial parts of P. scandens were used by the traditional healers to treat cancer. 23 However, on thorough literature survey, it was found that there were no studies related to the anticancer properties of this plant. Hence, the present study aims to investigate the therapeutic properties of P. scandens for its potential anticancer activity by evaluating their effect on carbohydrate metabolizing enzymes and biotransformation enzymes in DMBA induced experimental mammary carcinoma. 
MATERIALS AND METHODS

Chemicals
Extraction Procedure
The aerial parts of P. scandens were shade dried and ground to coarse powder. The coarse powder was extracted using 50% ethanol using soxhlet apparatus for 48 hours. The extracts were filtered and condensed to dryness using a rotary evaporator and stored at -20 0 C for further studies.
Animals
Female albino Spargue-Dawley rats (150-200 g) used in the present study was procured from the animal breeding station, Mannuthy, Kerala, India. They were housed in polypropylene cages (38 × 23 × 10cm) with not more than six animals per cage and maintained under standard environmental conditions (14h dark /10h light cycles; temp 25±2°C; 35-60% humidity, air ventilation) and were fed with standard pellet diet (M/s. Hindustan Lever Ltd., Mumbai, India) and fresh water ad libitum. The animals were acclimatized to the environment for two weeks prior to experimental use. Animals were fasted over night before the experimental schedule, but have free access for water ad libitum. Ethical clearance for the handling of experimental animals was obtained from the Institutional Animal Ethics Committee 
Experimental Design
The animals were randomly divided into five groups of six animals each. Group I served as control rats. Group II rats were induced with a single dose of DMBA (20 mg/ kg b. wt, dissolved in 0.75 ml sunflower oil and 0.25 ml physiological saline) by oral gavage at the first day of the experimental period. Group III received Cyclophoshamide (CP) (10mg/kg p.o), Group IV received 200 mg/kg b.wt and Group V received 400 mg/kg b.wt of HEEPS orally for 60 days after 90 days of DMBA induction. At the end of the experimental period, all the animals were anesthetized with diethyl ether, and they were sacrificed by decapitation. Animals were starved overnight before sacrifice. The breast and liver tissues were excised and rinsed 2 to 3 times in ice cold normal saline followed by 0.15 M Tris-HCl (pH 7.4), blotted dried and known weight of breast and liver were homogenized in 0.25 M Tris-HCl buffer (pH 7.5). The homogenate was subjected to differential centrifugation at 4°C. The cell organelle such as mitochondria, microsomes and cytosolic fractions were isolated. Total homogenate and subcellular fractions were used for the assay of the following parameters in breast and liver samples.
Biochemical Analysis
The following biochemical parameters in the liver and breast tissue were analysed. Hexokinase (HK), Branstrup et al., 
Gas Chromatography -Mass Spectrometry (GC-MS) analysis of hydro-ethanolic extract of P. scandens (HEEPS)
GC-MS analysis of HEEPS was performed with Shimadzu GC-MS (model QP2010) operating in EI mode at 70 eV with a Restek -5MS column (30m × 0.25mm × 0.25µm). Helium gas was used as carrier gas at a constant flow rate 1ml/ min and an injection volume was 1µL. The oven temperature programs was initially kept at 150 0 C and hold for 1 min, and then with a rise The interpretation of the spectrum from GC-MS analysis was done using the database of National Institute of Standard and Technology (NIST). By comparing the mass spectrum of the unknown component with the known component in the NIST library; the name, structure and molecular weight of the components of the test materials were ascertained.
Statistical analysis
The results are expressed as mean ± standard deviation (SD).Differences between groups were assessed by oneway analysis of variance (ANOVA) using the Statistical Package of Social Sciences (SPSS, Version 16.0 for windows). The group means were compared by Duncan's Multiple Range Test (DMRT). Values were considered statistically significant when p < 0.05.
RESULTS
Effect of HEEPS on carbohydrate metabolizing enzymes
The effect of HEEPS on carbohydrate metabolizing enzymes in the liver and mammary gland tissue of mammary carcinoma bearing rats is given in Table 1 . The result indicated that the activity of glycolytic enzymes namely HK and PGI in the liver and mammary tissues of rats bearing mammary carcinoma (Group II) was significantly increased by 81.82% and 84.13% in liver and by 60% and 67.74% in mammary tissue respectively when compared with control rats (Group I). However, it was seen that the activity reverted to near normal when treated with plant extract (Group IV and Group V). The activity shown by the treatment group was almost near to those treated with standard drug (Group III). The activity of TCA cycle enzymes like SDH and MDH were significantly lowered by 75.22% and 76.09% in liver and by 71.85% and 72.18% in mammary tissue respectively in Group II rats compared to the Group I rats. It was observed from the result that the treatment groups (Group III, Group IV and Group V) showed near normal activity of these enzymes. Gluconeogenic enzymes like G-6-Pase and F-1, 6-BPase showed a decrease in activity by 52.86% and 51.60% in liver and by 68.72% and 48.39% in mammary tissue respectively in Group II rats when compared with control rats whereas the near normal activity was shown by Group III which was treated with standard drug and in Group IV and Group V rats treated with plant extract. Table 2 shows the effect of HEEPS on various xenobiotic marker enzymes in the liver and mammary gland tissue of mammary carcinoma bearing rats. When the rats bearing mammary carcinoma (Group II) showed a decrease in the activity of POR, COX and GST by 56.11%, 77.68% and 58.11% in liver and 69.14%, 66.06% and 51.31% in mammary tissue respectively, the activity reached near normal in the groups treated with standard drug (Group III) and extract of P. scandens (Group IV and Group V).
Effect of HEEPS on xenobiotic marker enzymes
GC-MS analysis
The GC-MS analysis of the HEEPS is given in Figure  1 . Thirty nine compounds were revealed by the GC-MS analysis. The identified compounds with their retention time, molecular formula and molecular weight are given in Table 3 . The results showed the presence of 3,7,11,15-Tetramethyl-2-hexadecen-1-ol (Synonym: Phytol) 19.30%, Stigmast-5-en-3-ol, (3 beta) (Synonym: β Sitosterol) 9.96%, Hexadecanoic acid, methyl ester 8.66%, Octadecanoic acid, methyl ester 7.21%, Hexahydrofarnesyl acetone 5.10%, Dotriacontane 4.27%, Hexatriacontane 3.13%, 9-Octadecenoic acid (Z)-, methyl ester 2.97%, α Curcumene 2.66%, Cedrol 2.40%, Tetrapentacontane 2.37%, Ethyl heptadecanoate 2.20%, 5-methyl-5-(4,8,12-trimethyltridecyl)oxolan-2-one 2.06%, Nopol 1.76%, 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 1.30% and Eicosane 1.29% as major compounds.
DISCUSSION
DMBA efficiently induces breast cancer in female rats. Oral delivery of DMBA to rats has been used intensively for carcinogenic studies since 1960 as a model mimicking the dietary intake of carcinogens in humans. 33 It has been shown that DMBA-induced mammary carcinoma leads to disruption of redox balance of tissues which cause undesirable consequences to the mitochondrial membrane suggesting that biochemical and physiological alterations may result from oxidative damage. 34, 35 Non malignant cells depend primarily on mitochondrial oxidative phosphorylation (OXPHOS) than aerobic glycolysis for its energy requirement. However, Otto Warburg suggested that in contrast to non malignant cells, malignant cells depend on glycolysis rather than OXPHOS for ATP generation which is considered by some as the seventh hallmark of cancer. This could be due to the damage of mitochondrial respiration in tumor cells. 8, 36 In the present study, increased activity of cytosolic glycolytic enzymes in DMBA induced mammary carcinoma (Group II) suggest that DMBA induced carcinoma had lead to an alteration in carbohydrate metabolism. An increase in the rate of glycolysis confers the tumor cells with advantages like synthesis of ATP independent of oxygen; faster synthesis of ATP as compared to OXPHOS, generation of fewer reactive oxygen species and support cell proliferation by the provision of glycolytic intermediates many of which are intermediates of biosynthetic pathways. 37, 38 The level of hexokinase plays an important role in determining the glycolytic activity of cancer cells. 39 An increase in activity of hexokinase in the Group II may be due to the consumption of large amount of glucose by cancer cells. Elevated level of PGI was reported in sarcoma and cancers in the breast. 40 The elevated level of PGI observed in Group II in the present study may be due to increase in aerobic glycolysis as a result of metabolic alteration. The activity of the glycolytic enzymes reached near normal activity in groups treated plant extract in a dose dependent manner suggesting curative effect of this plant. A decrease in the activity of TCA cycle enzymes were observed in Group II animals in the current study. The decreased activity of mitochondrial enzymes may be due to the damage to the mitochondria caused by oxidative stress which could have altered the mitochondrial membrane, morphology leading to its dysfunction 41 and may be due to decrease in mitochondrial fluidity, alteration in membrane ionic permeability including proton permeability which uncouples OXPHOS from electron transport chain. 42 Animals treated with extract of P. scandens showed significant restorative activity of mitochondria in mammary carcinoma bearing rats. In the present study, carcinoma bearing rats showed a decrease in the activity of G-6-Pase and F-1, 6-BPase. Decreased activity of gluconeogenic enzymes viz G-6-Pase and F-1, 6-BPase might lead to an increase in the concentration of their substrates glucose-6-phosphate and fructose-1, 6-bisphosphate. The resultant accumulated glucose-6-phosphate might be utilized for the pentose phosphate pathway to produce ribose-5-phosphate for the rapid synthesis of nucleotide in cancer bearing cells. On the other hand fructose-1, 6-bisphosphate acts as an allosteric activator of pyruvate kinase. 43 The activities of these enzymes were returned to near normal when treated with plant extract suggesting a protective role of plant.
POR is a flavoenzyme ubiquitously expressed in all cells including malignant cells and catalyzes the electron transfer required for the P450 enzyme activity. 44 It has been confirmed from studies that POR overexpression substantially increases the potency of prodrug mediated tumor cell killing. [45] [46] [47] [48] In the present study, a decrease in the activity of POR in both liver and breast tissues has been observed in cancer induced rats (Group II) which was brought to near normal in groups treated with plant extract. This suggests the capability of plant extract in augmenting the expression of POR. COX is a protein present in the inner membrane of mitochondria and is responsible for the conversion of molecular oxygen to water in the terminal complex of mitochondrial respiratory chain. 49 In the present study reduction in the activity of the enzyme was found in DMBA induced breast cancer. Defective complex IV has been observed in various studies conducted in many human tumors and mouse xenografts. 50 The activity of the enzyme was significantly increased in the treatment groups indicating the capability of P. scandens extract to repair the mitochondrial membrane damage. Similar results were observed in the studies conducted using tangeretin in breast cancer bearing rats. 51 GST is a major group of phase II enzymes for which glutathione is the substrate. The expression of GST is controlled by multiple transcription factors and is highly inducible by dietary components. 52 The enzyme is involved in the detoxification of variety of xenobiotics and also plays an important role in carcinogen detoxification. 53, 54 In the present study, the level of GST was decreased in carcinoma bearing rats depicting the deleterious effect of carcinogen. P. scandens extract treated groups showed near normal activity showing curative effect of the plant extract. Chemopreventive compounds act as blocking agents that affect the initiation phase of cancer by detoxification of carcinogen through increasing the activity of GST. 55 Our results are in accordance with the above findings as we have observed a significant decline in the activity of GST in DMBA induced cancer bearing animals (Group II) and a significant increase in the activity of the enzyme in treatment groups. The HEEPS contains rich phytochemicals which was identified by GC-MS analysis. In the present study in terms of percentage phytol, β-sitosterol, hexadecanoic acid methyl ester, octadecanoic acid methyl esters were predominant in the extract. Phytol has been reported to have anticancer 56 , antimicrobial 57 , diuretic and antiinflammatory activity.
58 β-sitosterol has been reported to impart protection to cells against damage by reactive oxygen species by increasing the activities of antioxidant enzymes. 59 Also it was pointed out in the study of Awad et al., 60 that β-sitosterol can alleviate cancer development by reducing production of carcinogens and its treatment has reduced the breast cancer cell growth. 61 Hexadecanoic acid methyl ester was reported to have anticancer and antioxidant properties and octadecanoic acid has been reported to have anticancer, antioxidant antibacterial, antifungal, hypocholesterolemic, antihistamic and anticoronary properties. 62 Apart from these, remaining compounds mentioned in Table 3 detected by GC-MS has been reported to have significant application in drug industry.
CONCLUSION
Damage to the mitochondrial membrane and increased rate of glycolytic enzymes during cancer is an important field of research in breast cancer studies. From the present study, it was evident that significant damage was caused to mitochondria in breast cancer induced animals which resulted in an increase in the glycolytic enzymes and a decrease in the level of TCA cycle, gluconeogenic enzymes. Also it was found that the levels of marker enzymes such as POR, COX and GST were also altered in breast cancer induced animals. All the altered enzyme activities were brought to near normal activity in plant extract treated groups which suggest the potential therapeutic effect of the plant. The GC-MS analysis of the plant also well supported the fact that the plant contained important compound which could be employed for the treatment of breast cancer. To the best of our knowledge, this is the first publication about the therapeutic activity of P. scandens extract against breast cancer. However, compounds responsible for its anticancer property and its mode of action need further study.
